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INTRODUCTION
Chronic kidney disease (CKD) is considered a worldwide public health problem with adverse outcomes. [1] [2] [3] [4] Several studies have shown that the adjusted hazard ratio for death and cardiovascular events increases inversely with estimated glomerular filtration rates (eGFR). 1, 2 An estimated 13% of the Japanese adult population has CKD. 5, 6 Several Japanese studies have indicated that the hazard ratio of the onset of myocardial infarction (MI) is 2.5-fold higher among Japanese men with CKD and without previous cardiovascular diseases (CVD) than in those without CKD 7, 8 and in a Japanese population with eGFR \50 mL/minute/1.73 m 2 . 8 Although coronary angiography (CAG) has been the gold standard for detecting coronary artery disease (CAD), contrast media-induced nephropathy or cholesterol microembolization is serious adverse effects. 9 Therefore, stress myocardial perfusion imaging (MPI) might be an appropriate method of detecting CAD without renal deterioration among patients with CKD. Our previous and other studies suggested that MPI could predict the outcomes of patients with suspected or extant CAD and those with CKD. [10] [11] [12] [13] However, the study by Hakeem et al. is limited because it proceeded at a single center and by the nature of the study population. 13 Therefore, we started a multicenter prospective cohort study called J-ACCESS 3, to determine the ability of MPI to diagnose CAD and predict the outcomes of patients with CKD who are not definitively diagnosed with CAD. The study aimed to clarify whether MPI can predict cardiac events and to determine whether renal dysfunction combined with MPI abnormalities provides additional prognostic information to conventional markers.
MATERIALS AND METHODS

Study Design and Participants
The design of the multicenter prospective cohort Japanese Assessment of Cardiac Events and Survival Study by Quantitative Gated SPECT (J-ACCESS 3) study has been described elsewhere. 14, 15 A total of 549 patients who registered at 62 institutions between April 2009 and September 2010 were assessed by stress-rest MPI within 2 months of registration and information about them including background, treatment, and clinical and imaging findings was collected.
The inclusion criteria comprised age, C20 years, scheduled to undergo stress-rest ECG-gated MPI, having suspected ischemic CAD, eGFR, \50 mL/minute/1.73 m 2 , and having at least one of the seven risk factors for CAD or ischemic heart disease, namely hypertension, diabetes mellitus, dyslipidemia, peripheral vascular diseases, currently smoking, family history of juvenile CAD, and history of ischemic stroke.
14 CKD was diagnosed based on the Japanese equation: The exclusion criteria comprised hemodialysis or peritoneal dialysis, severe valvular heart disease requiring surgery, hypertrophic or dilated cardiomyopathy, prior diagnosis of angina pectoris or MI, and a history of revascularizationpercutaneous coronary intervention (PCI) or coronary artery bypass grafting, a history of CAG or multi-detector computed tomography within two months before enrollment, severe arrhythmia affecting ECG-gating, and confirmed bronchospastic pulmonary disease. Figure 1 shows the findings of an analysis of 529 of 549 patients after 20 of them were excluded due to revascularization within 30 days after MPI (n = 16), retracted agreement to participate (n = 3), and co-morbid hypertrophic cardiomyopathy (n = 1).
The Institutional Review Boards of all participating hospitals approved the study, which proceeded in compliance with the Ethical Guidelines for Epidemiological Research in Japan. All patients provided written informed consent to participate in the study before enrollment.
Protocol for MPI
One-day (96%) and two-day (4%) pharmacological stress MPI studies proceeded using 99m Tc-tetrofosmin, adenosine (91%), dipyridamole (1%), adenosine-triphosphate (6%), and pharmacological agents combined with low-intensity exercise (2%). The average administered dose of 99m Tc-tetrofosmin for the first and second studies were 312 and 689 MBq, respectively, and gated MPI was started at 35 ± 17 and 59 ± 45 minute, respectively, after injection. The ECG-gating/cardiac cycle was 16 (65%), 8 (27%), and others (8%). Left ventricular ejection fraction (LVEF), end-diastolic volume (LVEDV), end-systolic volume (LVESV), and other data were quantified using QGS software (Cedars-Sinai Medical Center, Los Angeles, CA, USA).
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Evaluation of MPI Findings
Tomographic slices were generated using the standard processing protocol verified in previous J-ACCESS studies. [10] [11] [12] All single-photon emission-computed tomography (SPECT) data in the Digital Images and Communication in Medicine format were processed at the J-ACCESS office (Osaka, Japan). An image interpretation committee objectively evaluated defect scores in a blinded manner using summed stress/rest/difference scores (SSS/SRS/SDS) with a 17-segment model. 16 Thresholds for scoring were based on the normal database of the Japanese Society of Nuclear Medicine working group. 17 The committee visually confirmed computer-generated defect scores ranging from 0 (normal uptake) to 4 (absent uptake).
Follow-up
The endpoint of this study after 3 years of follow-up comprised the major cardiac events of cardiac death, sudden death, nonfatal MI, and hospitalization due to heart failure (HF).
14 Cardiac death was defined as death due to HF, MI, and other cardiac disorders. Sudden death was defined when the cause remained unknown within 24 h of occurrence.
Statistical Analysis
Data are expressed as mean ± SD. Categorical data and mean values between two groups were compared using v 2 and Wilcoxon rank sum tests. The three-year follow-up was completed for all patients. In this manuscript, we analyzed the first cardiac events. If a patient experienced several cardiac events during the follow-up, only the first event was counted and analyzed, and thereafter the patients were censored. Differences in cardiac event rates among groups with various SSS, eGFR, and CRP values were compared using Kaplan-Meier estimates. Predictors of cardiac events were assessed using univariate and multivariate Cox proportional hazards analysis. Values with P \ .05 were considered significant. Goodness of fit was examined using v 2 and combination of significant variables. Receiver operating characteristic (ROC) analysis was performed to evaluate differences in models, and area under the curve (AUC) was compared. Net reclassification improvement (NRI) analysis was applied with logistic models for the major cardiac events to evaluate an additional value of CRP. Mortality risk was divided into low and high risk (\10% and C10%/3 years). 18 All data were statistically analyzed using SAS 9.1.3 Service Pack 2 and JMP 12.2 (Cary, NC, USA). Table 1 shows the baseline characteristics of the 529 patients with or without cardiac events. The mean age was 71.6 ± 10.9 years, and mean values for Cr and eGFR were 2.2 ± 1.3 mg/dL and 29.0 ± 12.8 mL/minute/1.73 m 2 , respectively. This study population was similar to that of a cohort study of Japanese patients with CKD. 6 Traditional risk factors in the present study such as smoking, hypertension, diabetes, and dyslipidemia were evident in 6%, 91%, 42%, and 49% of the patients, respectively. Out of 529 patients enrolled in this study, 180 patients (34%) had angina or typical chest pain, 244 (46%) had new onset of dyspnea or palpitation suggestive of ischemic heart disease, and 262 (50%) had ECG abnormalities (positive ischemia on stress ECG, abnormal Q wave, ST segment changes, or T wave changes on rest ECG).
RESULTS
Characteristics of the Patients
MPI Findings
The mean SSS, SRS, and SDS were 1.9 ± 3.8, 1.1 ± 3.0, and 0.8 ± 1.8, respectively (Table 1) . Stress myocardial perfusion abnormalities defined as SSS C8 were identified in 7% of the patients. The mean LVEF was 61.7 ± 15.0%, and 5% of the patients had reduced cardiac function with LVEF \35%.
Cardiac Events
Sixty major cardiac events that occurred during the three-year follow-up included cardiac death (n = 3), sudden death (n = 6), nonfatal MI (n = 5), and hospitalization due to HF (n = 46). Out of 529 patients, the fatal events of cardiac death and sudden death were observed in 9 (1.7%), and hard events including death and nonfatal MI in 14 (2.6%). To identify major cardiac events excluding severe heart failure (n = 14), univariate proportional hazard analysis showed that SSS C8 was the only significant variable (v 2 = 4.8, P = 0.028 by Wald test). We therefore analyzed major cardiac events including HF hospitalization (n = 60).
The traditional risk factors of age, sex, smoking, hypertension, diabetes, and dyslipidemia did not significantly differ between patients with and without cardiac events (Table 1) . Among nontraditional risk factors, concentrations of Cr and CRP were higher and those of eGFR were lower, in patients with, than without cardiac events. Patients with cardiac events were more likely to have SSS C4 or C8, LVEF lower, and higher LVEDV and LVESV than those without such events.
Survival Curves
Figures 2 and 3 show Kaplan-Meier curves for event-free survival during 3 years of follow-up. Eventfree survival rates significantly differed between groups with SSS \8 and C8 (P \ .001; Figure 2A ), eGFR \15 mL/minute/1.73 m 2 and C15 mL/minute/ 1.73 m 2 (P \ .026; Figure 2B ), and CRP \0.3 mg/dL and C0.3 mg/dL (P \ .001; Figure 2C ). Event-free rates significantly differed among patients assigned to four groups according to combined SSS and eGFR (P \ .001; Figure 3 ).
Potential Predictors for Cardiac Events
Significant predictors for cardiac events were analyzed using univariate Cox proportional hazard analysis (Table 2) . Lower eGFR (mL/minute/1.73 m 2 ), larger LVEDV and LVESV, lower LVEF and higher CRP values, SSS and SRS were significantly associated with cardiac events.
To identify the independent variables of cardiac events, significant variables (P \ .05) by univariate analysis were included in a multivariate Cox proportional hazards analysis. The multivariate analysis based on categorical variables showed that eGFR \15 mL/ minute/1.73 m 2 , CRP C0.3 mg/dL, and SSS C8 were significant variables to predict major cardiac events ( Table 3) .
Goodness of fit was examined by univariate and multivariate models (Figure 4 ). SSS and CRP showed higher v 2 values compared with LVEF. When three categorical variables of eGFR, CRP, and LVEF were used, v 2 value was 19.0, whereas v 2 value was significantly increased when eGFR, CRP, and SSS were used (24.1, P = 0.02), showing higher incremental value of SSS compared with LVEF. In order to evaluate the effect of CRP for predicting major cardiac events, the 3-variable logistic model with SSS, LVEF, and eGFR was compared with the 4-variable model with an additional variable of CRP. The ROC AUC was significantly higher (0.61 vs 0.69, P \ .013) in the 4-parameter model with the addition of CRP ( Figure 5 ). Net reclassification improvement (NRI) analysis was applied to logistic models for the major cardiac events to evaluate addition of CRP. Mortality risk was divided into low and high risk (\10% and C10%/3 years). The majority of reclassification of adding CRP was upward reclassification of the risk, namely ?24.6% (P \ .001) for the event group (n = 57) and ?11.7% (P \ .001) for the no-event group (n = 461). The NRI of adding CRP was ?12.8% and did not reach statistical significance (P = 0.095).
DISCUSSION
The present findings indicated that MPI could help predict the likelihood of cardiac events occurring during 3 years of follow-up in patients with advanced CKD, but without a definitive diagnosis of CAD. One increment of SSS represented a 9% increase in risk for cardiac events within 3 years of screening. Cardiac events increased ACE-I, angiotensin-converting inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; eGFR, glomerular filtration rate; HbA 1c , hemoglobin A 1c ; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral artery disease; SDS, summed difference score; SRS, summed rest score; SSS, summed stress score 2.6-fold among patients with CKD and SSS C8 than\8. We previously showed that cardiac event risk could be estimated from MPI defect scores and LVEF in conjunction with CKD and diabetes in patients with confirmed or suspected CAD, and the increase in cardiac events was almost 2-fold higher among patients with SSS C9.
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In this study, about half of patients had cardiac symptoms or ECG abnormalities. According to the appropriate use criteria for diagnostic catheterization, 20 these patients were considered to have intermediate or high probability of CAD. Therefore, it was appropriate to perform MPI on these patients. From the results of this study, symptoms were not helpful for predicting the cardiac events in CKD patients, but ECG changes could be a good indicator of MPI.
A clinical value of MPI has been indicated for patients undergoing hemodialysis. 4, 12, 21 Indeed, a diagnosis of CAD might be problematic in the setting of CKD, since such patients frequently do not experience ischemic symptoms, elevated cardiac biomarkers, and ECG changes. 3, 4, 22 Although coronary angiography has been considered the gold standard for detecting CAD, contrast media-induced nephropathy or cholesterol microembolization has emerged as serious problems. Therefore, MPI might be appropriate for CKD patients from the perspective of renal protection. Our previous studies and those of others have suggested that MPI can help predict outcomes among patients with suspected or extant CAD and those with CKD. [10] [11] [12] [13] Although the incidence and severity of CVD are increased in patients with CKD, 1,3 routine screening has not yet been implemented in clinical practice. In addition, optional time-frame for screening for CVD among patients with CKD has not been established. Adjusted hazard ratios for death and cardiovascular events inversely increase with eGFR, and is especially significant in populations with eGFR \45 mL/minute/1.73 m
The Suita study showed that the event rates of a first MI and stroke were about 2.5-fold higher in a Japanese urban population with eGFR \50 mL/minute/1.73 m 2 . 8 Moreover, cardiovascular morbidity and mortality are inversely and independently associated with kidney function, particularly at eGFR \15 mL/minute/1.73 m 2 . 1-3 Therefore, we selected CKD patients with eGFR \50 mL/minute/1.73 m 2 as an appropriate target for detecting CVD, and predicted cardiac events using eGFR \15 mL/minute/1.73 m 2 .
The endpoint of the present study comprised cardiac events including cardiac death, sudden death, nonfatal ACE-I, angiotensin-converting inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; eGFR, glomerular filtration rate; HbA1 c , hemoglobin A1 c ; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral artery disease; SDS, summed difference score; SRS, summed rest score; SSS, summed stress score MI, and hospitalization due to HF. 14 Several studies have suggested that the incidence of CAD is [50% in unselected patients with stage 5D CKD. 3, 23 The risk of sudden death increases with decreasing baseline GFR. 24 An increased prevalence of concomitant HF, ischemic heart disease, cardiac arrhythmias, and valvular calcification is associated with CKD. 3, 25 Because the development of HF suggests CVD in patients with CKD, 3 the cardiac events used in this study seemed suitable as endpoints for patients with advanced CKD. Here, we used pharmacological stress MPI to evaluate patients with CKD (eGFR \50 mL/minute/1.73 m 2 ) without a history of CAD, but with suspected CAD. However, the rate of hard events comprising cardiac death, sudden death, and nonfatal MI that occurred over a period of 3 years was only 2.6% (0.9%/year) when patients with severe HF were excluded. These findings indicated that the hard event rate is low for patients with CKD who do not have a history of CAD and are currently under contemporary medical therapies.
The absolute incidence and mortality rate of MI are obviously elevated in patients with advanced CKD. 3 Standard cardiovascular risk factors are common among patients with CKD, but this cannot fully account for the high incidence of cardiovascular events and the mortality rate. 26 One of new findings of our study is that CRP is one of important independent prognostic indicators, which has not been recognized in previous studies. Elevated inflammatory parameter such as CRP, however, could play an important role for predicting poor outcome. For example, periodontal disease, a chronic infection of the tissues surrounding teeth, contributes to the cumulated chronic systemic inflammatory burden. Recent evidence links periodontal disease with coronary heart disease and CKD. 27 Other studies indicated that CRP predicts arterial stiffness in CKD patients. 28 In CKD patients, the development and progression of ventricle dysfunction occurred with inflammation and mineral metabolism disorders. 29 Inflammation and oxidative stress have been linked to the pathogenesis of plaque formation and plaque rupture, 30 both of which are associated with worse cardiovascular outcomes. 31 The present study found no differences in traditional risk factors between patients with and without cardiac events. Higher CRP levels were associated with cardiac events at 3 years of follow-up, but not after 1 year. 15 These findings suggest that higher CRP levels are linked to plaque formation or plaque rupture. Hase et al. also significantly associated elevated CRP levels at the end of the predialysis phase among patients who had CKD but no CAD symptoms, with the occurrence of an initial cardiac event. 32 Thus, inflammation might be a predictor of cardiovascular events in patients with CKD.
In conclusion, MPI can help detect CAD and predict cardiac events in CKD patients without a definitive diagnosis of CAD. Renal dysfunction combined with MPI abnormalities provides additional prognostic information that is superior to either marker alone. Higher CRP levels also predict cardiac events in patients with CKD who are not definitively diagnosed with CAD.
LIMITATIONS
The predictive value of MPI for detecting cardiac events between patients with and without CKD could not be compared. Almost 77% of cardiac events comprised HF and volume retention due to renal failure might be involved. We could not prove that volume retention resulted in HF and not in renal failure. However, the main cause of cardiac events in Japanese patients with and without CKD was reported as severe HF. 19 The MPI defect score was relatively lower than those previously reported. [10] [11] [12] [13] Since we excluded patients with CKD who had CAD, such a small defect might impact cardiac events in patients without such a diagnosis.
NEW KNOWLEDGE GAINED
All of the patients with eGFR less than 50 mL/minute/ 
